In tropical and subtropical climates, the shipment of animal brains for rabies diagnosis may be a problem because brain specimens sometimes arrive decomposed at the diagnostic laboratory. In this situation, reverse transcription-polymerase chain reaction (RT-PCR) may serve as a potential solution because of its high sensitivity. However, little is known about the stability of rabies viral RNA in decomposed brain tissue. To determine the stability of rabies virus genomic RNA in brain samples, 72 mice were inoculated with the challenge virus strain-11 of rabies virus. After incubation period, mice were euthanized to obtain their brains. These were categorized in 2 different groups. In the first group, 36 brains were kept at room temperature (25-27ЊC) immediately after euthanasia. In the second group, the other 36 inoculated brains were frozen at Ϫ70ЊC and later maintained at room temperature. In both groups, RT-PCR was performed at days 0, 1, 2, 3, 4, 7, 10, 12, 16, 18, 23, and 26 by using primers previously described in the literature and a primer set specifically designed for a Mexican variant of vampire-bat rabies. Reverse-transcriptase PCR experiments were performed in 3 different inoculated brains, in which the direct fluorescent antibody (DFA) test was previously conducted to detect rabies viral antigen in the brains kept at room temperature and in the frozen brains. The DFA test resulted positive in both groups up to day 7. In brain samples stored at ambient temperature (25-27ЊC), the intensity of the RT-PCR band started to diminish by day 12; however, rabies virus genome could be successfully amplified by RT-PCR up to 23 days. These results indicate that brain samples kept at ambient temperature (up to 27ЊC) may reach a reference laboratory in an adequate state for rabies diagnosis by RT-PCR.
Rabies is an infectious disease that affects all mammals. It is caused by a virus of the Mononegavirales order, Family Rhabdoviridae, and the Lyssavirus genus. 12 Rabies is one of the oldest diseases known and may have been described in 23 BC in the Eshnunna Code in Babylon. 10 Many historical references have been associated with dogs. Rabies is usually transmitted from an infected animal to a healthy animal or person through a bite. 10 Several vaccines are available to prevent rabies, which is one of the most important zoonoses. The disease has a long incubation period that can range from 10 days to 2 months or longer. During this incubation period, the disease may be prevented by postexposure prophylaxis. Vaccination was used initially by Pasteur and continues to the present with new vaccines. Postexposure prophylaxis conducted in a timely manner From To determine an animal's rabies status following human exposure, rapid and reliable diagnosis is important. The World Health Organization specifies that any wild or domestic animal that dies with nervous symptoms or abnormal behavior should be sent to a specialized laboratory for diagnostic testing. Originally, diagnosis was based only on clinical signs. In 1904, Adolph Negri developed a microscopic technique to detect the corpuscle that bears his name today. Finding these intracytoplasmic inclusions may have diagnostic value, but they may be confounded with other disease entities unrelated to rabies, and their absence does not rule out the possibility that the animal died of rabies. 13 The most common rapid, sensitive, and specific diagnostic test for rabies is the direct fluorescent antibody (DFA) test, which detects viral antigen in the brain by using fluorescent-labeled antirabies virus antibodies. 4, 9 However, ideally this test requires fresh brains collected shortly after the death of the animal; once the brain decomposes, the sensitivity of DFA decreases. This can pose a problem in tropical and subtropical countries where transportation of specimens to a regional diagnostic laboratory is often delayed. 6 High temperatures may cause deterioration of the diagnostic samples before they arrive at specialized laboratories. This may render the DFA test unreliable for some specimens.
Polymerase chain reaction (PCR) is a highly sensitive diagnostic technology that is capable of detecting a pathogen's genome in decomposed tissues. 8, 14 Before applying PCR for diagnosis, it is important to determine nucleic acid stability because RNA can be easily degraded through the action of ubiquitous RNAses. The objective of this study was to use reverse-transcriptase PCR (RT-PCR) to determine the stability of rabies viral RNA in rabies-infected mouse brains kept at room temperature (25-27ЊC) by using a previously described rabies virus primer set and a primer set specifically designed for the Mexican variant of vampirebat rabies virus.
The working seed stock of virus was the challenge virus strain-11 (CVS-11). a A 20% suspension was prepared in phosphate-saline buffer (PBS) with 2% normal equine serum. The homogenate was aliquoted in 0.5-ml vials and frozen at Ϫ70ЊC. For this study, 72 white albino CD-1 strain mice b aged 21 days were inoculated with CVS-11 and categorized in 2 groups. In the first group, 36 brains were kept at room temperature (25-27ЊC) immediately after euthanasia. In the second group, 36 inoculated brains were first frozen at Ϫ70ЊC and then after 1 week placed at room temperature (25-27ЊC). Both groups were subdivided in 12 subgroups containing 3 inoculated brains. Reverse transcription PCR experiments were performed in these 3 inoculated brains, in which the DFA test was previously conducted to detect rabies viral antigen. Twenty-four mice were inoculated with PBS as negative control for the RT-PCR experiments. The mice were anesthetized and inoculated intracerebrally with 0.03 ml of the viral suspension (50-100 LD 50 ) or PBS. Six days postinoculation, mice showed signs of distress and manifestations characteristic of rabies (tremors, lack of coordination, paralysis, and prostration) and were euthanized. The brains of all mice were harvested and conserved as previously described. Presence of rabies virus was confirmed by DFA c in every brain except in the negative controls. 4 Viral RNA detection was conducted after storage for 0, 1, 2, 3, 4, 7, 10, 12, 16, 18, 23, and 26 days at room temperature. Ribonucleic acid detection was done in 3 different inoculated brains. For RNA extraction from brain tissues, approximately 0.1 g of brain tissue was homogenized in a 2-ml Eppendorff centrifuge tube with 1 ml Trizol. d To the homogenate, 200 l of chloroform (molecular grade) e was added. After centrifugation at 12,000 ϫ g for 15 minutes, the top aqueous layer was transferred to another tube and 500 l of isopropanol e was added. The samples were centrifuged for 10 minutes at 12,000 ϫ g. The pellet was washed with 1 ml of 75% ethanol, centrifuged again for 5 minutes at 7,000 ϫ g, and the final pellet was resuspended in 100 l DEPC-treated water. f Finally, the extracted RNA samples were frozen at Ϫ70ЊC until further use. A 3l aliquot of RNA was quantified using a Gene Quant II spectrophotometer g by diluting the RNA in 147 l of DEPC-treated water and measuring at 260 nm. For the synthesis of cDNA, 2 g of brain RNA with 50 pmol of the sense primer (N1[ϩ] or SuEli I[ϩ]) and DEPC-treated water f was used. This mixture was then heated at 65ЊC for 5 minutes and cooled on ice to avoid annealing of the synthesized chains before adding 4 l of first-strand buffer, h 2 l of 0.1 M of each deoxynucleotide, h 2 l of 0.1 M DDT, h 1 l of RNAsin (1U), h and 1 l of M-MLV (1 U). i The reaction mixture was completed with water to a final volume of 20 l. 7 The reaction mixture was incubated for 90 minutes at 37ЊC. For the inactivation of template, the mixture was incubated at 90ЊC for 5 minutes and then chilled on ice. The cDNA was stored at Ϫ20ЊC until further use. Two pairs of primers that were designed for the Mexican variant of vampire-bat rabies virus 7 were used: 1) N1(ϩ) ϭ 5Ј-TTTGAG ACTGCTCCTTTTG-3Ј (587-605) and N2(Ϫ) ϭ 5Ј-CCCATATA-GCATCCTAC-3Ј (1013-1029) 8 and 2) SuEli I(ϩ) ϭ 5ЈCGTRGAYCAATATGAGTACA3Ј (66-85) and SuEli II(Ϫ) ϭ 5ЈCAGGCTCRAACATTCTTCTTA3Ј (806-826). The RT-PCR reaction was carried out as follows: 10 l PCR buffer, 3 l MgCl 2 to a concentration of 1.5 mM, 25 pmol SuEli I(ϩ), 25 pmol SuEli II(Ϫ), 1.25 l dNTPs 10 mM, 10 l cDNA, 1.0 U Taq polymerase, i and 80 l of sterile and nuclease-free water. The amplification was carried out in a thermal cycler j with the following parameters: 30 cycles of 45 seconds at 95ЊC, 30 seconds at 50ЊC, and 30 seconds at 70ЊC; and 1 cycle of 10 seconds at 72ЊC. The positive control was an amplicon obtained from RNA extracted from a mouse brain infected with CVS-11; the negative controls were brain tissues from mice inoculated with PBS. These 2 controls were included in every assay.
The reaction products were held at Ϫ20ЊC until they could be analyzed by gel electrophoresis. The products were observed with 1.5% agarose gels with ethidium bromide (5 g/ml) and Tris-Acetate-EDTA buffer at 110 V constant voltage. k After staining, the gels were photographed. l Sizes of the products were determined by comparison with 100-pb markers. m A 760-pb band indicated amplification of the appropriate N gene segment. Figure 1A shows the average amount of RNA extracted from the positive brains kept at room temperature; Fig. 1B demonstrates the average amount of RNA extracted from the positive brains frozen at Ϫ70ЊC for 1 week, thawed, and held at room temperature for different periods of time. In Fig. 2 , an in- 5, day 1; lane 6, day 2; lane 7, day 3; lane 8, day 4; lane  9, day 7; lane 10, day 10; lane 11, day 12; lane 12, day 16; lane 13, day 18; lane 14, day 23; lane 15, day 26; lane 16 , negative control, day 26. creasing degradation is seen with time, beginning on day 12. The RT-PCR technique was standardized to detect viral genome in the degraded samples by using N1 and N2 primers 8 on brain tissue from mice inoculated with CVS-11. This primer set produced an amplification product of 443 bp, but these results were not reproducible, and only a weak band could be seen during the first 3 days. On the following days, no amplification was observed.
Amplification with SuEli I(ϩ) and SuEli II(Ϫ) primers produced a single band of 761 bp (Fig. 3) . The results indicate that it is possible to perform an RT-PCR with RNA from brains kept at 25-27ЊC for 23 days, even in specimens kept at room temperature immediately after death. In these brains, as well in brains initially frozen before being kept at room temperature, the DFA test could detect rabies virus in brains conserved at 25-27ЊC at days 0, 1, 2, 3, 4, and 7.
Immunofluorescence has been the routine test for rabies diagnosis since the 1950s. The success of this test depends on the condition of the sample, and degraded tissue may produce false negatives. 2, 5, 8 In this situation, RT-PCR can be applied because it is capable of detecting minimum quantities of virus even in highly degraded samples. 5, 9, 14 In this study, for the first 12 days in both groups (brains kept at room temperature and brains frozen at Ϫ70ЊC and then after 1 week placed at room temperature), amplified DNA appears as distinct bands (Fig.  2) . After RNA degradation, amplified products appear as smaller molecular weight bands, or bands are absent and a large smearing of low molecular weight products is observed. 11 Even in brains stored at room temperature (25-27ЊC) without freezing, positive RNA amplification by RT-PCR was obtained up to day 23. These results corroborate other studies in which rabies virus genome detection was reported in liquefied brain samples. 5, 14, 15 Another study found that it is possible to perform RT-PCR on infected samples stored at 37ЊC for 23 days. 9 Viral RNA preservation at a constant temperature (22ЊC) is possible for up to 60 days in tissues by using guanindine. 14 Moreover, it is also possible to conserve viral RNA up to 60 days with 50% glycerine. 1 However, in practice it might be better to transport specimens without this reagent, for glycerol as a transport medium has demonstrated to reduce immunofluorescence intensity even with subsequent washing. 3, 12 In this study, though the previously published N1 and N2 primer set was able to detect rabies viral RNA, the level of amplification was low in degraded samples, so their use might produce false-negative results. This is most likely because of the low homology between the primers and the N gene of the rabies virus. It was thus necessary to design a new pair of oligonucleotides from isolates of vampire bats. These were able to recognize isolates from other virus variants. 7 In conclusion, the ability to detect viral genome in highly degraded samples is a valuable tool for rabies diagnosis because it permits laboratory testing of decomposed samples. Additional studies are warranted with and without glycerin and other preservatives, to standardize various diagnostic test parameters and to establish the predictive value of a negative test.
